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Abstract
The European eelpout, Zoarces viviparus, is known to produce type III antifreeze
proteins (AFP) when seasonal changes supercools its surrounding environment. Previous
studies have showed that these antifreeze proteins are present in the serum during the
colds months, but never before have they been localized to specific organs or tissues.
Tissue was embedded in paraffin and sectioned on a microtome to produce both HE and
immunofluorescence stains. Antibodies against type III AFP were raised in rabbit, and
anti-rabbit antibodies containing fluorophores were used to visualize protein localization.
The tissue showed much autofluorescence, but the striated muscle taken from the tail
section of the fish showed fluorescence specific to the fluorophore wavelength in the
endomysium. Some tissue was lost due to bad paraffin infiltration, and the results are
therefore left inconclusive. Future immunofluorescence studies done on Z.
viviparus should be done using fluorophores that emit near the DAPI wavelength to
avoid autofluorescence.
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Introduction
The European eelpout Zoarces viviparus is a marine teleost that can be found in coastal-
and fjord systems in Northern Europe and the Baltic (Yershov 2006). The melting point
of marine teleost blood is around -0.9°C (Scott et al. 1988), whereas the melting point
of the surrounding water is around -1.9°C. During the winter season the eelpout is often
subjected to below freezing temperatures. When the top layer of the water column is
frozen solid or partially, small ice crystals can enter the water phase and come into
contact with the marine life (Raymond & DeVries 1977). Fish take up these crystals via
gills or the gut and internal ice formation can therefore be a potentially life threatening
problem (Præbel et al. 2009). Many arctic fish and fish with arctic ancestors have
therefore evolved the ability to produce proteins that hinter internal ice formations
(Kelley et al. 2010). Internal ice formation is not only a problem in fish, and antifreeze
proteins (AFP) can therefore also be found in many insects (Kristiansen et al. 2010,
Walters Jr. et al. 2011), algae (Bayer-Giraldi et al. 2010) and plants (Walters Jr. et
al. 2011) .
Zoarces viviparus
The common or European eelpout, Zoarces viviparus, as the name suggests, is a
vivparous teleost found in coastal waters in northern europe. It has close relatives in
North America (Zoarces americanus) and Asia (Zoarces elongatus). Older litterature may
refer to the genus Macrozoarces, but the two are the same (Hew et al. 1988). It is the
only viviparous teleost found in danish waters, and, because of its special reproductive
strategy, has been used as a model organism for environmental monitoring (Stuer-
Lauridsen et al. 2008). The abundance of eelpouts has seen a sharp decline during the
past 100 years. The adult eelpout is geographically relatively stationary, which is why
Zoarces viviparus is a well-suited organism for ecotoxilogical measurements of the local
environment (Stuer-Lauridsen et al. 2008). It is a typical benthopelagic fish, and is
commonly known to be very sensitive to oxygen depletion (Stuer-Lauridsen et al. 2008).
Antifreeze proteins
When water is cooled below its melting point, it becomes supercooled. It is in this state
that ice crystal formation and growth may take place. The temperature at which ice
crystal growth is initiated is called the hysteresis freezing point (Tf). The observed
difference between melting and hysteresis freezing temperature is known as the thermal
hysteresis (TH). Thermal hysteresis in a solution of water with AFP present is an
accepted measure of AFP "strength". Note that absolutely pure water can be cooled
down to almost -42°C before it freezes, even though the liquid state is not energetically
favorable at that temperature (Debenedetti 1996, Stan et al. 2009). This can only
happen wth very rapid cooling, and is essentially a laboratory situation that is not
observed in nature. The lack of nucleation sites is the reason for this enormous
undercooling (Du et al. 2003).
Nucleation sites and the processing of these is a recurring theme in freeze avoiding
organisms, such as Zoarces vivparus, because they can periodically be found in
enviroments colder than the melting point of their own body fluid. Organisms living
under these conditions are often very vulnerable to ice nucleation and have evovled
sophisticated cellular and molecular mechanisms to cope with this (Præbel et al. 2009). .
A widely accepted model for AFP activity is the "adsorbtion inhibition model" (Raymond &
DeVries 1977). Adsorbtion inhbition is closely related to the surface tension of water and
the vapor pressure of a convex surface, also known as the Kelvin effect. A hexagonal ice
crystal will align water molecules in such a way that AFP can adsorb easily to the prism
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planes. The AFPs have large amphipathic surfaces that can bind to the prism face (1 0 1
0-plane) of a growing hexagonal ice crystal. The AFP do not coat the growing crystal in a
thin, tightly packed layer, but rather adsorb to the plane close to eachother, leaving
some room between them. In these patches of exposed ice, the crystal continues to
grow. Because water molecules cannot settle on the AFP as part of the ice crystal, the
patches that continue to grow will bulge out between the adsorbed AFPs and form
convex structures. It is on the surface of this convex structure that the Kelvin effect is
used to explain the inhbitory effect on ice formation by AFP. It is energetically more
favorable for ice to grow on the prismal planes than on the basal plane, because of
oxygens arrangement in the ice crystal lattice (Jia et al. 1996 ,Chen & Jia 1999, Kundu &
Roy 2008). The hysteresis freezing point in water containing AFP, is therefore related to
the temperature at which the ice crystal starts growing rapidly from the basal plane(0 0
0 1), thus changing the structure of the original ice crystal (Antson et al. 2001) . If the
temperature is lowered sufficiently, the convex ice surfaces will be able to expand
beyond the adsorbed AFP and form concave structures that have the opposite effect on
ice crystal growth. This will also contribute to the explosive growth observed on AFP
adsorbed ice crystal below their hysteresis freezing point.
Several studies (Baardsnest et al. 2003 ,Garnham et al. 2010) have described the
significance of size when it comes to inhibition of ice formation. It is believed that large
AFP confers larger TH. A possible explaination for this is the size of the patches of
exposed ice on the adsorbed ice crystal. The smaller these pathces are, the smaller the
radius of the convex half sphere structure before it reaches critical curvature.
As type III AFPs bind to the prism plane of the initial ice crystal, they also have ice
shaping abilities (Takamichi et al. 2009). Because type III AFP does not inhibit the
formation of new ice crystals, and thereby new nucleation points, the original hexagonal
ice crystal may be joined with another, smaller, hexagonal ice crystal at the basal plane
(Takamichi et al. 2009). If this keeps happening, the ice crystal may end up as a
bipyramid instead of the flat hexagonal crystal. Because the prism planes are adsorbed
to by AFP and ice formation is energetically unfavorable, the first burst growth observed
at Tf is seen from the basal plane, or the two spikes of the bipyramid crystal. This type
of crystal and the explosive growth is called ice spicule formation.
The primary antifreeze proteins found in Zoarces viviparus serum are that of a type III
AFP (Sørensen et al. 2001, Albers et al. 2007). Type of AFP is primarily determined by
size, but there also seems to be a taxonomic link as most type III AFP's are found in the
zoarcidae family and type I, for instance, are found in flounders and sculpins (Marshall et
al. 2005) . The type III AFPs found in Zoarces viviparus weigh approximately 6.5-7 kDa
and three isoforms have been characterized, even though it is likely that there are even
more. Other species of the Zoarces genus have more than 11 isoforms of type III AFP
(Hew et al. 1988, Takamichi et al. 2008).
Type III AFPs can be divided into two sub-groups, based on their sulfopropyl(SP)- and
quaternary aminoethyl(QAE)-Sephadex binding affinity (Li et al. 1985). These two
subforms show about 55% sequence similarity, but are immunologically very different
(Li et al. 1985). X-ray crystallography has, however, show that their quaternary
structures are somewhat similar (Yang et al. 1998). They both fold to form a large, flat
amphipathic surface which is belieived to be the ice-binding motif. Recent studies have
shown that the QAE forms show hysteresis activity while pure SP forms do not
(Takamichi et al. 2009). Addition of minute amounts of QAE isoforms to SP solution
seems to make the hysteresis activity indistinguishable from that of pure QAE. The
japanese eelpout Zoarces elongatus produces a total of 12 AFP type III isoforms when
subjected to cold environment (Takamichi et al. 2009). Only one of these isoforms is of
the QAE type. The 11 SP isoforms do not have any TH activity by themselves, but the
prescence of the twelvth QAE isoform confers a high TH activity.
A possible explaination of the differences between SP- and QAE forms could lie in their
ice binding abilities. Since both forms include the large, flat surface that shows structural
homology with ice, both forms can adsorb to the crystal surface. It has been shown that
SP isoforms can bind to the prismal plane of an ice crystal, but not inhibit ice growth in
any way (Baardsnest et al. 2003). But by binding to the prismal planes of the crystal,
the SP isoforms can shape the crystal into a bipyramid instead of the normal hexagonal
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structure (Takamichi et al. 2009). A two-step irreversible adsortion model (Kristiansen &
Zachariassen 2005) has been proposed as an explaination to this. The mechanism by
which AFP works is by an initial, non-permanent, adsorbtion to the crystal surface by
hydrophobic forces in the given solution. The initial binding could therefore be related to
solute concentration and provide some of the explaination as to why salt in general work
as enhancers on AFP activity. The second, irreversible, binding is controlled by
hydrophilic forces at the protein surface. It is believed that the SP isoforms are able to
reversibly adsorb to an ice crystal surface, but that they lack the ability to perform the
crucial second step. The QAE isoforms can perform this step and are therefor the
functional of the two. Why the QAE isoforms seem to have a strongly enhancing effect
on the SP isoforms is not known.
Immunohistochemistry
Immunohistochemistry classically refers to the the method of visualizing tissue sections
by colour generating chemical reactions. Commonly used reagents include alkaline
phosphatases (AP) and horseradish peroxidase (HRP). By coupling these chemical
reagents to antibodies specific to a given cellular structure, it is possible to precisely
localize the antigen inside tissue or even single cells. In some branches of the scientific
world, the methods employed in immunohistochemistry have been replaced by tagged
proteins produced in vivo by recombined genes (Smith et al. 2009) . The splicing of
green fluorescent proteins (GFP) as a molecular tag is common practice in many
laboratories studying bacteria. When it comes to larger, vertebrate organisms however,
the use of immunohistochemistry and immunofluorescence is still actively used and
developed (Martikkala et al. 2011).
The basic principle in immunofluorescence is the use of a primary antibody to target and
bind the protein of interest, and a secondary antibody to bind the primary. The
secondary antibody will contain the tag used in visualization. Many commercial products
are available to this end, and choice is often dictated by which filters the resident
microscope has available. Classic fluorophores and light filters include DAPI
(4',6-diamidino-2-phenylindole), FITC (Fluorescein isothiocyanate) and TRITC
(Rhodamine).
Aim
The primary aim of this study is to localize the QAE type III AFP found in Zoarces
viviparus. AFP was previously detected in both serum and homogenised tissue of Zoarces
viviparus. The aim is to more specifically localize AFP to certain tissues or even cellular
structures and compartments. This work should be considered as a pilot-study into the
methods of immunofluorescence applied to antifreeze proteins.
Methods and materials
Capture and fixation of specimens
The eelpout specimen used in this experiment was acquired from Øresundsakavariet on
January 11th and dissected on the same day. The eelpout was a small male, weighing 43
g, that had been born and grown at the Marine Biology Laboratory. It had been grown at
a constant water temperature of 10°C. The osmolality of its surrounding water was 1029
mOsm, measured on a 10 µl sample taken from the tank. The eelpout was transported
to the lab at Roskilde University in water from its own tank, and showed no lack of vital
signs at arrival. The eelpout was euthanized by blunt force trauma to the upper
vertebrae, a method used by fishermen The eelpout was opened with a ventral
inscission. Liver and spleen were carefully cut free of any digestive appendages and
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extracted. A small piece of muscle was also taken from the tail region. The spleen
weighed 0.05 g, the liver weighed 0.55 g and the muscle weighed 0.75 g. It should be
noted that the spleen of Z. viviparus resembles that of an elasmobranch, and not a
teleost species.
Tissue samples were fixed in FineFix overnight at 4°C. Fixative:tissue volume ratio was
>10. FineFix was chosen over standard neutral-buffered formalin fixative, as antigen
crosslinking can be avoided by not using a formalin fixative. This means that the antigen
retrieval step of many fixation protocols can be skipped entirely. Tissue fixation using
aldehydes is known to produce autofluorescence, and was therefore not considered an
option. FineFix working solution contains little or no water, and therefore also dehydrates
the fixated tissue. 80% ethanol was chosen as the first dehydration step because of this.
Tissue sectioning
Small fractions of tissue were dehydrated using ethanol/xylene and infiltrated by paraffin
wax. The exact protocol can be found in appendix 1. Tissue sections were cut using a
Biocut 2030 Microtome set to 5 µm thickness. Because of less than optimal infiltration of
some tissue, the muscle has to be sectioned at 10 µm instead. Single tissue sections
were numbered at random from ribbons of sections and transfered to a flotation bath for
stretching at 50°C. Polysine slides were used to capture the floating tissue sections from
the water surface. Polysine slides containing tissue were allowed to anneal for at least
two hours at 40°C.
Tissue staining
A few random tissue samples were chosen for HE staining in each batch of prepared
polysine slides. HE stains were performed in order to identify cellular structures that
were easily recognizable as a function of their shape. Most colors are lost during
fluorescence microscopy, so being able to identify key structures of the cell, solely based
on physical shape is important when interpreting the results. The main part of the
sections were however used for immuno staining using various combinations of primary
and secondary antibodies (appendix 2). Both types of stains use the same 4-step
protocol for dehydration, embedding, sectioning and rehydration (appendix 1). The two
methods do not diverge untill the tissue sections are annealed to the polysine slides.
Primary antibody concentration is based on previous experiments with the same batch of
antibodies (Skov et al. 2010).
Antibody production
Primary antibodies against Zoarces viviparus type III AFP were raised in rabbit and
purified from serum. The polyclonal antibodies were produced in 2007 and have been
stored at -20°C since then.
Secondary antibody was an anti-rabbit antibody raised in goat, with the Alexa Fluor 488
tag added. To avoid unnecesary antigen binding, only the pepsin-cleaved F(ab')2 was
used. Secondary antibody was monoclonal and supplied by Molecular Probes (Invitrogen
A-11070).
Autofluorescence
To determine whether or not the tissue exhibited autofluorescence, each tissue sample
was photographed at different wave lengths. The emission maximum of the secondary
antibody is only significant through an FITC reflector. Any overlaps between fluorescence
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observed through FITC, TRITC and DAPI reflectors were therefore regarded as
autofluorescence.
Results
As this project has been based around microscopy, naturally the results consist primarily
of photographs taken through the microscope lens. The vast majority of data will
therefore not be presented here, but rather should be looked up in the appendix section.
Here I will present some of the results that were found the most interesting. As this
should be considered a pilot study at the basis of a master thesis, it would be relevant to
present both HE- and immunofluorescence sections. Identification of cellular components
in immuno stains based on HE stains is also of vital importance when interpreting the
results.
HE Staining
The HE stain of the Z. viviparus liver (fig. 1) is representative of all tissue samples. The
liver consisted mostly of hepatocytes and large blood vessels. Only mammals have red
blood cells that lack nuclei, but even in fish these cells are very recognizable. The color is
significant in HE stains, but the shape and conformation of the cells should be noted
when looking at immuno stains. The red blood cells are much more uniform than the
other cells found in the tissue.
Figure 1: 20x magnification of Z. viviparus 5 µm liver section HE stain. One of the major
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hepatic blood vessels is seen at the center of the figure. Red blood cells are fixed within
the blood vessel, which is enclosed by a layer of endothelial cells.
HL = hepatic lobule/hepatocytes, HA = hepatic artery, EL = endothelial layer.
Histology of the spleen (fig. 2) is a bit more diverse than that of the liver. The majority
of the spleen consists of red pulp. This refers to the color of the tissue in vivo, as HE
staining makes it mostly blue. Because of the blood related functions carried out by the
spleen, many blood vessels can be observed throughout the tissue. These can be both
very small and very large. Figure 2 shows a medium sized blood vessel in the spleen.
The most remarkable component in spleen histology is the melano macrophage center.
It is clearly visible as black spots all around the spleen. When looking at the spleen in UV
light, the macrophage centers can be distinguished from the blood vessels by their
apparent lack of epithelial layer and the tangled nature of their appearance. White and
red pulp are harder to tell apart, but white pulp is primarily found around blood vessels.
Should there be a clear distinction between cells close to the blood vessels and the tissue
with no direct contact to the blood vessels, it can be assumed that the difference marks
the shift from white to red pulp, going from the blood vessel and out.
Figure 2: 20x magnification of Z. viviparus 5 µm spleen section HE stain. A blood vessel
is surrounded by white pulp and what might be a vein. A high ratio of red pulp to white
pulp is common in fish, and is very apparent here. BV = blood vessel, WP = white pulp,
RP = red pulp, MM = melanomacrophage center.
While the liver (fig. 1) and spleen (fig. 2) may appear very different when compared to
each other, their histology looks very much the same when compared to striated muscle.
Both are soft organs with large diffuse parenchyma using most of the space. The muscle
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is very different because it consists of fewer, much larger, cells. The clear blue lining of
each cell is the endomysium. I suspect that the cells (fig. 3 lower right corner) that do
not show this lining should have it, but insufficient paraffin infiltration has lead to
excessive dehydration of the tissue. These white spaces could therefore be cracks in the
dry tissue, and not collagen fibers. Because there are small cells visible in the large
white crack of figure 1, I believe that this is connective tissue made of collagen fibers
and fibroblasts.
Figure 3: 20x magnification of Z. viviparus 10 µm muscle section HE stain. Typical
representation of striated muscle cells. Multiple nuclei can be seen near the edges of
each cell, near the endomysium. The white space between some cells may be a result of
imperfect infiltration by paraffin wax, but may also be collagen fibers. MF = myofibrils,
CF = collagen fibers/connective tissue containing fibroblasts.
It is difficult to see the individual sarcomeres and even individual myofibrils in figure 1,
but I suspect that it is an unfortunate side effect of the tissue section being 10 µm thick
instead of 5 µm.
Immunofluorescence
Working with three kinds of tissue and many different concentrations of both primary-
and secondary antibodies of course yields a large sum of results. Autofluorescence was a
significant problem in all tissue samples. The only tissue to show non-overlapping
fluorescence was the striated muscle (fig. 6). Unfortunately no control was available for
this sample due to poor paraffin wax infiltration. Choosing what to present is no trivial
task, but to make the most sense of it, I will present two immuno stains from each
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tissue sample. One representative immuno stain with primary antibody (sample) and one
without (control). The stain with no primary will serve as a negative control where it is
available. The similarities between HE stains and immuno stains should be observed.
Autofluorescence is very localized to easily recognizable cellular components.
There seems to be no significant difference between sample and control in the liver
tissue (fig. 4), as red blood cells fluoresce in both instances. The endothelial lining of the
blood vessel does not seem to fluoresce as strongly as the red blood cells.
Figure 4: 40x magnification of liver tissue through FITC reflector. A is stained with 1:200
primary antibody and 1:2000 secondary antibody and B is a control sample with only
1:2000 secondary antibody. A is based on liver slide no. 4 and B is based on liver slide
no. 8. Autofluorescence or unspecific binding is observed in the red blood cells inside the
blood vessel on both A and B.
The primary source of fluorescence in the spleen tissue (fig. 5) is the melano
macrophage centers. In both sample (fig. 5A) and control (fig. 5B) the macrophage
centers outshine all other cell components. Note that the blood vessels found in the liver
(fig. 4) are the main source of fluorescence in that tissue, but that they are not in the
spleen (fig. 5).
Figure 5: 20x magnification of spleen tissue through FITC reflector. A is stained with
1:200 primary antibody and 1:4000 secondary antibody and B is stained with only
1:4000 secondary antibody. A is based on spleen slide no. 8 and B is based on spleen
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slide no. 12. Autofluorescence or unspecific binding is observed in the
melanomacrophage centers.
The only tissue sample with significant non-overlapping fluorescence in the FITC
spectrum is the striated muscle (fig.6). No controls were available for this tissue as most
of it was lost due to insufficient paraffin infiltration. It is therefore impossible to tell if the
FITC fluorescence observed in the endomysium (fig. 6A) is a result of unspecific binding
of secondary antibodies. When viewed through a TRITC reflector (fig. 6B) it is clear that
there is a large amount of background autofluorescence, but that is does not overlap
with the endomysium fluorescence seen in the FITC spectrum (fig. 6A).
Figure 6: 40x magnification of muscle tissue sample through FITC (A) and TRITC (B).
Both A and B are based on muscle slide no. 3, which is stained with 1:100 primary
antibody and 1:1000 secondary antibody. There seems to be significant fluorescence in
the endomysium of A, when compared to B.
As previously noted, autofluorescence was observed in all tissue samples. To better
visualize this phenomenon and the consequences it has for my end results, I have
compiled two figures showing autofluorescence at TRITC (fig. 7) and DAPI (fig. 8)
wavelengths. A, B and C are directly comparable between figures 7 and 8. 7D shows
TRITC autofluorescence at 63x magnification in a 10 µm HE stain of striated muscle slide
no. 2. 8D shows DAPI autofluorescence at 40x magnification in striated muscle slide no.
2.
Using the TRITC reflector and a 63x magnification objective (fig. 7D), it was possible to
obtain a focal plane so narrow that individual myofibrils and even sarcomeres became
visible. What was not previously visible with transmitted light, became much clearer
using ultraviolet reflected light.
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Figure 7: Autofluorescence in tissue samples photographed through TRITC reflector. A
shows liver slide no. 9, B is spleen slide no. 9, C is muscle slide no. 5 and D is muscle
slide no. 2. A,B,C are 40x magnification and D is 63x. A,B,D are all HE stains, while C is
an IF stain. Autofluorescence seems to be very prominent in all tissue.
The major difference between TRITC (fig. 7) and DAPI (fig. 8) is that autofluorescence in
the DAPI spectrum only seems to be a major problem near the blood vessels of the liver
(fig 8A). DAPI autofluorescence seems negligible in both spleen (fig. 8B) and muscle (fig.
8C,D)
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Figure 8: Autofluorescence in tissue samples photographed through DAPI reflector. A
shows liver slide no. 9, B is spleen slide no. 9, C is muscle slide no. 5 and D is muscle
slide no. 2. All slides are 40x magnification. A,B,D are all HE stains, while C is an IF
stain. Autofluourescence in the DAPI spectrum seems most prominent in liver tissue.
Discussion
The discussion will be split into two parts with a specific focus each. First of all, the
results will be interpreted. Secondly I will present my suggestions for improvement of
the method used. This will off course be based on my interpretation of the results and
experiences gained through laboratory work.
The only tissue to show signs of fluorescence, only present at the FITC wavelength, was
the striated muscle. The secondary antibodies seemed to be localized to the small space
between individual muscle cells, the endomysium. This could off course be unspecific
binding, and there is no way of verifying the results as most of the muscle tissue was
lost to bad paraffin infiltration. This is a major problem in terms of concrete results,
because until I can redo the experiment I will have to assume that the bindings are
simply a result of processes unrelated to anti freeze proteins. There is no doubt that the
antibodies are tightly bound to the tissue, but with no negative control it is impossible to
tell if the binding simply takes place because the tissue was too dry or contained
unspecific binding sites and so on.
A cryopreservation study (Amir et al. 2003) showed that type III fish AFP can be used to
preserve mammalian heart tissue at temperatures well under equilibrium melting point.
They showed that type I and III AFP quickly localizes to the surface of cardiac muscle
cells in order to stop crystal formation and disruption of muscle fibers. This is not to say
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that the same happens in striated muscle, or even that type III AFP has the same mode
of action within it's originating species. It does however hint that ice crystal formation
near Z-lines of muscle tissue is one of the big issues for cryopreservation. This is true in
laboratory studies, but most likely also in nature. This may also explain why the
endomysium of the striated muscles in the current study was the only tissue to display
signs of AFP presence.
The lack of a serum sample to test thermal hysteresis on, is off course another problem.
It would have been meaningful to compare the results from the immunofluorescence
experiments with measurements of thermal hysteresis on the serum from the fish. With
this in hand, determining if the muscle fluorescence is due to unspecific binding or AFP
presence, should be a trivial task. Detecting AFP in the serum would also allow me to
focus more on the fluorescence seen in the red blood cells found in the liver (fig. 4).
One practical problem overshadows almost all my results, and that is autofluorescence
(fig. 7). Even with no aldehydes used in the fixation process, very clear and bright
autofluorescence could be observed at FITC and TRITC wavelengths. It seems that
autofluorescence in red blood cells matters a great deal in the liver (fig. 7A, 8A), but not
in the spleen (fig. 8A, 8B). At this point it is not possible to tell why that is, but it may be
of interest for future studies on this subject. Spleen autofluorescence seems to be
entirely different as the macrophage centers only show strong autofluorescence on the
IF stains, and not on the HE stains (fig. 5, 7B). The macrophage centers are known to be
autofluorescent because of their content of lipofuscins (Fänge & Nilsson 1985).
Autofluorescence in the macrophage centers is somehow related to the handling of tissue
during HE staining or IF staining. One obvious explanation would be unspecific binding of
secondary antibodies to the macrophage centers, but autofluorescence is also very
prominent at TRITC wave lengths in the IF stains. Unspecific binding of secondary
antibodies is therefore not the answer in this case.
Some autofluorescence could also be observed at the DAPI wavelength in all tissue (fig.
8), but it seems to be even more specific to some cellular structures than FITC- (fig.
4,5,6) and TRITC (fig. 7) autofluorescence. It has been suggested (Allan 2000) that
using fluorohpores that emit in the far-red region is sometimes preferable if the tissue in
question is very autofluorescent. This is definitely to take into consideration when
starting a project concerning immunofluorescence.
Without any good results to go by this becomes less of a problem, but had the
experiments produced any results other than autofluorescence, quantification of results
would have mattered a great deal. As with many histological techniques, the end results
can easily become biased by the person observing them (Meunier et al. 2010). Every
tissue section is unique, even though some may show a remarkable resemblance.
Detection of autofluorescence can be computationally analyzed because testing for
autofluorescence boils down to acquiring three photographs of the same tissue, taken
with different light reflectors and subtracting them. It gets more tricky when comparing
samples to controls. In terms of where the tissue sections came from, a sample may be
as much as 100 µm, or more, from a control section. This means that the small blood
vessels and other cellular components found at one "depth" may not be the same all the
way through. This issue becomes very clear when looking at figure 5, the spleen. Even
though there is a clear resemblance in terms of histology, they are definitely not the
same. This issue is seen to a lesser degree in figure 4, the liver, where the randomness
of the sampling lead to an increased uniformity between sample and control.
To improve the method by which these results were obtained, there are several key
points that should be changed/expanded. The first point of interest would be a serum
sample from the same specimen the tissue sections were made from. This is absolutely
key for result interpretation, but also in determining if the specimen should even be
considered for immunofluorescence study. If no antifreeze activity can be observed in
the serum, it makes it more plausible that no activity can be observed in the tissue.
The experiments for this project were performed on a fish raised in an aquarium. Having
never been exposed to less than 10°C, the eelpout may have not even synthesized any
AFP. Seasonal changes of AFP gene expression observed in Osmerus mordax (Richards
et al. 2010, Liebscher et al. 2006) indicate that exposure to cold environments is a key
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initiator for this process to take place. For further study, the specimen should be caught
in nature or acclimated to cold water prior to dissection.
It turned out that autofluorescence was a major factor to consider in both HE and IF
stains of Z. viviparus. This is something to consider when doing further IF studies. Not
only should this be taken into account when handling Z. viviparus, but any species. I
would therefore recommend that several tissue sections were made and HE stained
before any secondary antibody was bought. Judging from my results, it would probably
be advisable to use a secondary antibody that is visualized at the DAPI wavelength. On a
side note, it is much easier to identify cellular components on a HE stain in a 5 µm tissue
section than in a 10 µm section. This does not matter to the same extent in IF stains,
even though thicker sections are generally more likely to fold wrongly when sectioning
on a microtome.
It is generally a good idea to include as many controls as possible, as tissue sections can
look very different under the microscope. Not having a representative control to compare
samples with, will only confuse the reader. More samples are preferable in any
experiment, but it is especially important when using a technique like
immunofluorescence, because of its biased opinion nature (Meunier et al. 2010).
Based on my results that AFP may be localized to the endomysium of striated muscle in
the tail section of the fish, it would be very interesting to perform the same experiment
on cardiac muscle. Antifreeze proteins are also commonly found in fish skin (Low et
al. 1998), so including skin tissue in the experiments also makes sense for future
studies.
In conclusion, the striated muscle of Zoarces viviparus may contain type III AFP, but
further studies must be made. For immunofluoresence studies of Z. viviparus ,
secondary antibodies should be specific to the DAPI wavelengths. To verify
immunofluorescence results, the serum of the specimen must be tested for antifreeze
activity. This was not possible during this study.
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Appendix 1 - Step-by-step protocol
Tissue sectioning
1: Dehydration of fixated tissue
Place appropriate tissue volume in embedding cassette (Klinipath 2020) and close the
lid.
Embedding cassette can now be transfered to increasingly concentrated solutions of
ethanol while being gently shaken (IKA Labortechnik KS 125 B S1 Orbital Shaker).
- 80% ethanol, one hour
- 95% ethanol, two times, one hour each
- 100% ethanol, three times, one hour each
Exces ethanol is removed with xylene:
Xylene is toxic and should be handled under fume hood.
- Pure xylene, three times, one hour each
2: Embedding in paraffin wax
Tissue is infiltrated by molten paraffin wax at ~61°C. This can be done in the cassette
while placed in the embedding mold (Thermo Scientific 6401016). The paraffin wax is kept
warm at the bottom of a Thermolyne Type 16500 Dri-Bath covered with aluminium foil
and styrofoam.
- Molten paraffin wax, 2 changes, 90 minutes each
The mold is filled with clean paraffin wax one last time, and allowed to solidify at room
temperature. This block of paraffin and tissue is then ready for sectioning on the
microtome. Note that the paraffin wax should not be allowed to harden slowly, as
crystals may form. Room temperature around 20°C should be sufficiently cool.
- Remove tissue from cassette and place in base mold filled with molten paraffin.
3: Cutting and mounting
Mount paraffin block in microtome and cut sections of 5 µm.
Sections are transfered to a flotation bath (Agar Scientific, L4136) filled with deionized
water at 45-50 °C using metal instruments coated with paraffin.
Expanded sections are carefully collected directly onto polysine slides (Agar Scientific
L4345) from the flotation bath.
Slides are dried in oven set to 40°C for at least two hours.
4: Removal of paraffin and rehydration
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Slides are placed in a slide staining holder (Bio Optica 10-42) for faster processing. Each
step is carried out in a separate slide staining dish (Bio Optica 10-30).
- Slides are incubated in xylene for 10 minutes to remove paraffin wax.
Rehydration of tissue is done using decreasing concentrations of ethanol:
- 100% ethanol, two minutes
- 95% ethanol, one minute
- Slides are rinsed with distilled water from squirt bottle or tap for one minute.
From now on, the slides should not be allowed to dehydrate, as it can obscure antigens.
The tissue sections are now ready for immunostaining or HE staining.
Immuno staining
1: Blocking and staining
- Mark area around section with PAP pen (Agar Scientific L4197S) to avoid runoff of
antibodies or blocking solution.
- Place slides in steel incubator (Agar Scientific L4474) and close lid.
- Add 100 µl of blocking solution per slide and incubate at room temperature for 30
minutes.
Drain blocking solution from slides by tilting and gently touching the surface of the water
with lens paper.
- Add 100 µl of primary antibody per slide. Incubate at 4°C overnight.
- Wash slides in 1x TBS/TBST 4 times, 5 minutes each.
- Rinse once with 5% BSA in TBS, 5 minutes.
Secondary antibody contains a photosensitive region, so do the following steps should be
performed in the dark, if possible.
- Add 100 µl secondary antibody and incubate at room temperature for 30 minutes.
- Wash with 1x TBS 4 times, 5 minutes each.
2: Mounting and visualization
Slides are mounted and coverslipped using Citifluor AF1 (Agar Scientific R1323).
Slides are visualized on an Axio Imager.M2m setup. Only FITC fluorescence that does not
overlap with TRITC or DAPI fluorescence should be considered a significant result.
HE staining
The series of incubations involved in performing an HE stain should be prepared in
individual slide staining dishes before the first incubation with xylene i initiated. Slides
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should be processed in batches using a slide staining holder. Note that this method is
based on a modified version of the one described in the instructions manual provided
with Shandon Instant Hematoxylin.
1. Five minutes in hematoxylin
2. One minute in distilled water
3. 15 seconds in acidic alcohol
4. One minute in distilled water
5. One minute in bluing reagent
6. One minute in distilled water
7. One minute in 80% ethanol
8. 30 seconds in alcoholic eosin
9. One minute in 95% ethanol
10. Two minutes in 100% ethanol
11. Five minutes in xylene
Excess xylene should be allowed to evaporate in a fume hood for a few minutes before
mounting and coverslipping.
Slides were mounted using 100 µl Shandon ClearVue XYL (Thermo Scientific 4212) per
slide.
Appendix 2 - Concentration of antibodies
Number/
Tissue
Spleen
Primary
Spleen
Secondary
Liver
Primary
Liver
Secondary
Muscle
Primary
Muscle
Secondary
1 1:100 1:2000 1:100 1:1000 1:100 1:1000
2 1:100 1:4000 1:100 1:2000 HE1 HE1
3 1:200 1:2000 1:200 1:1000 1:200 1:1000
4 1:200 1:4000 1:200 1:2000 HE2 HE2
5 1:100 1:2000 1:400 1:1000 1:400 1:1000
6 1:100 1:4000 1:400 1:2000
7 1:200 1:2000 0 1:1000
8 1:200 1:4000 0 1:2000
9 HE1 HE1 HE1 HE1
10 HE2 HE2 HE2 HE2
11 0 1:2000 HE3 HE3
12 0 1:4000 HE4 HE4
13 0 1:2000
14 0 1:4000
Samples shaded grey indicate the use of 1x TBST as washing buffer instead of 1x TBS.
22
Appendix 3 - Solutions
Common components
Xylene (Merck 8086972500)
Ethanol (Kemetyl 96% finsprit)
37% HCl (Merck 1003172500)
Shandon histoplast / paraffin wax (Thermo Scientific 6774006)
FineFix working solution
720 ml ethanol
280 ml FineFix concentrate (HD Scientific ML 70147)
HE stain
Bluing reagent (0.1% Sodium bicarbonate)
1 g Sodium hydrogen carbonate (Merck 1063232500)
1000 ml distilled water
Mix to dissolve.
Acidic alcohol (0.3% HCl in dilute ethanol)
280 ml 96% ethanol
120 ml distilled water
1.2 ml 37% HCl
Hematoxylin
Shandon Instant Hematoxylin (Thermo Scientific 6765015)
Prepared from two component dry powder as per included instructions.
Eosine
Wright's eosin methylene blue solution (Merck 101383)
Immuno stain
10x TBS (0.5M Tris Base, 9% NaCl, pH 8.4)
61 g Trizma base (Sigma T1503)
90 g NaCl (AppliChem 3597)
1 L distilled water
Mix to dissolve. Adjust pH to 8.4 using fuming HCl. Dilute 1:10 before using as wash
buffer or solvent for blocking solution.
Add 5 ml Tween-20 (Merck 822184) to 10x TBS to produce 10x TBST.
Blocking solution (5% BSA in TBS)
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10g BSA powder (Sigma A4503)
200 ml 1x TBS
Mix to dissolve. Note that it may take some time, but the BSA will eventually dissolve.
Primary antibody
Primary antibody was diluted using a 1:100, 1:200, 1:400 successive dilution series.
10 µl serum + 990 µl blocking solution = 1:100
500 µl (1:100) + 500 µl blocking solution = 1:200
500 µl (1:200) + 500 µl blocking solution = 1:400
Secondary antibody
Secondary antibody stock (Invitrogen A11070)
Secondary antibody was diluted using a 1:1000, 1:2000, 1:4000 successive dilution
series.
1 µl (2mg/ml Anti-rabbit IgG) + 999 µl blocking solution = 1:1000
500 µl (1:1000) + 500 µl blocking solution = 1:2000
500 µl (1:2000) + 500 µl blocking solution = 1:4000
This corresponds to the following operational concentrations for secondary antibodies:
Name Concentration
Stock 2 mg/ml
1:1000 2 µg/ml
1:2000 1 µg/ml
1:4000 0.5 µg/ml
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